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APPLICATION OF C(»4M0N 1«)DE OPERATION 
TO CENTRAL OFFICE IQUIPMUJT 


^rpos e; The purpose of this addendum is to supplement the suggested wording in Exhibit 1 in 
order to establish a stability test for voice frequency repeaters. The supplier of 
the central office equipment with CMO must conduct and pass this test in order to 
guarantee the stability of the repeaters without connecting the switchboard to the 
outside plant. This procedure reduces the time required for testing. 

Additions ; Add FIGURE 5. 

Add to Exhibit 1. 

3. OPERATIONAL REPEATER STABILITY TEST 


3.1 The central office equipment groups which incorporate common mode operation 
^ frequency repeaters shall pass the following test as shown in 

FI^E 5 of REA TE & CM-331, “Application of Common Mode Operation to Central 
Office Equipment j in order to be acceptable; 


3.11 A call from an artificial line consisting of a 500 type telephone instru- 
ment, two sections of PICWRE 50 and five sections of FIGURE 5B to the CMO 
line equipment, and dialing a CMO connector terminal. The CMO connector terminal 
will look into an identical artificial line of five sections of FIGURE 5B plus 
two sections of FIGURE 5C to a 500 type telephone set. 


3.12 On all calls made in this manner with voice frequency repeaters In the 
llnefinder and connector there Is to be no singing of repeaters at any 
point in the progress of the call from origination through conversation and 
complete release of both parties. 


3.2 pie above test is in addition to other tests required in REA Bulletin 384-2, 
iiT._ X Documents for Central Office Equipment Contracts," REA Bulletin 383-2, 

^^Pretestlng Inspections and Acceptance Teste - Outside Plant," and REA Form 397a, 
Specification for Voice Frequency Repeaters and Voice Frequency Repeatered Trunks,"' 
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EXHIBIT 1 
FIGURES 1-4 

1. GENERAL 


1.1 This section provides REA borrowers, consulting engineers, and other interested parties 
with- technical Information for use in the design and engineering of REA borrowers' telephone 

systems. It refers specifically to the application of the principle of sharing long line adapters 
and voice frequency repeaters within the switching systems of REA borrowers. This method of sharing 
adapters and repeaters is called "Common Mode Operation (CMO)." 

2. DESCRIPTION OF SYSTEM 

2.1 If subscriber loop plant is designed for the use of 22- and 24-gauge cable, each loop, if long 
enough, will require a long line adapter (LIA) and an B-6 type voice frequency repeater (V^^)* 

The cost of the LLA and VFR may make their use unattractive and the designer will resort instead to 
cable of a coarser gauge or carrier, 

2.2 The "Common Mode Operation" places the adapter, and repeater If required, within the switching 
system. This allows each long line to share the cost of a reduced number of long line adapters 

and voice frequency repeaters. This in turn pemlts the designer to use the finer gauge cables 
Instead of 19-gauge cable to a much greater extent. 

2.3 Dedication of Line Groups 

2.31 The "Common Mode Operation" dedicates one or more llnefinder groups and one or more connector 
groups to the exclusive use of long lines. The adapters and repeaters are placed between the 

linefinders and first selectors of the dedicated llnefinder groups and repeaters are also used In 
conjunction with the connectors in the dedicated connector groups. Thus, the number of adapters 
required may be reduced to I5 or 20 percent and the number of repeaters to 30 or 40 percent of the 
long lines served, 

2.32 It is possible to arrange subgroups of lines within a dedicated llnefinder group to switch 
in the long line equipment only if required. This arrangement provides flexibility in 

permitting both long and short lines to be placed within a dedicated group. 

2.4 The "Common Mode Operation" consists of the following: 

2.41 Placing the long line adapter and the E-6 type repeater (or Just an adapter) between every 
llnefinder and first selector in a llnefinder group dedicated to CMO lines. 

2.42 Placing a repeater (if required, as described later) in conjunction with every connector 
in a connector group dedicated to CMD lines, 

2.43 Placing elevated d.c. voltaged in the following places to extend the loop range; 

2.431 The line relays for land- in and for talking battery on reverting calls if applicable. 

2.432 The long line adapter. 

2.433 The connector called party's supervisory relay. 

2.434 The ring trip circuitry within the connector. 
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'3. Al'K.ICATICBi OF (XM40N MODE OPERATION (CMO) 

3.1 3he objective of OW is to permit more extensive use of fine gauge cnbla In outBlde plant, 
thereby conserving copper and reducing costs. The two basic devices used to achieve this 
objective are the LIA and the B-6 type VFR. 
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3.6 If the central office equipment is to be retained, the CMO conversion should be made in the 
factory on any new addition. 

3.T CMO is applicable to both terminal-per-line and termlnal-per-station offices. 

3.8 In order to apply CMO to a central office the Bubscriber lines being served must be divided 
into categories. A category includes those lines whose range of resistance and other char- 
acteristics permit them to be treated identically at the central office . The lines which are not 
in CMO gfoups are, of course, one category of lines. This identical treatment may include such 
items as long line adapters and elevated voltages, but primarily the same level of voice frequency 
amplification. The minimum size group which shares identical equipment in the CMO concept is a 
hundreds group of lines. Therefore, a category must, at the least, consist of all the common 
equipment to serve a hundred lines, and enough paths to handle the traffic generated by the number 
of lines equipped in the group. In order to avoid unnecessary costs in central office equipment 
plus a continuing administrative problem in the working system, each CMO office should rarely 
contain more than two categories of lines and never more than three. 

3.9 As mentioned earlier an entire linefinder group must be dedicated to long lines. Since the 
typical linefinder switch in some step-by-step equipment accommodates 200 lines, it may be 

difficult to match the number of long lines with either the number of lines in a partially equipped 
group or a fully equipped group. Lineflnders which will accommodate 100 lines are available and 
may be used where a saving is realized. 

k. TRAFFIC 

4.1 There are reasons why unusual traffic problems might be encountered in the CMO. They are as 
follows: 

4.11 In typical terminal-per- station offices It Is possible to shift lines from group-to-group 
in order to balance the traffic load. With CMO one or more linefinder and connector groups 

are dedicated to long lines and balancing the traffic load can only be done within the same category. 

4.12 Traffic studies made on a large number of individual single party lines have Indicated a 
tendency toward increased usage as the distance from the central office Increases, Since 

the CMO puts the longest lines In the same group. It follows that' those groups would offer unusually 
heavy traffic. 

4.2 Tor the present it is suggested that traffic estimates based on average calling rates be 
Increased for the dedicated groups by approximately 25 percent for the purpose of determining 

the number of lineflnders and connectors required. 

4.3 It should be noted that 'it is not wholly impossible to shift traffic out of the dedicated 
groups. Long lines moved to nondedicated groups may be treated with individual long line 

adapters and voice frequency repeaters. Short lines should not be moved Into dedicated groups, 
unless they are given special treatment by subgroups as mentioned In Paragraph 2.32. 

. 5 . POWER SUPPLY 

5.1 For purposes of reliability a spare booster power supply alwuld be used to guard against 
complete CMO failure. In CMO the loss of booster supply blocks entire groups of lines. 

The spare booster supply should automatically switch into the circuit if an operating booster 
supply should fail. 

5.2 It Is recommended that the power supplies be solid state d.c. to d.c. converters operating 
from the central office battery. 

5.3 The output of the power supply required for battery feed relays should be adequate for the 
number of CMO lines wired. 

5.4 It is preferable to use 48 or 60-volt boosters for a total value of elevated voltage of 96 
or 108 volts. 

6 . RINGING 

6.1 For ringing on long loops it is required that PE-40 (REA Bulletin 345-30, "REA Specification 
for Ringing Generator Equipment") type ringing machines be used. 
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9. MISCELLANEOUS 

9.1 Automatic Number Identification (ANl) using special station equipment which passes d.c. 
signals from the Instrument to the DDD equipment cannot be used with most presently 

available long line adapters. Direct Distance Dialing (DDD) calls from long party lines will 
use operator number Identification. However, one supplier has a long line adapter which will 
pass identification signals for two-party lines (tip party marking), 

9.2 Ito not put paystations in CMO groups. 

9.3 PABX lines which have special arrangements for avoiding collision of incoming and outgoing 
calls should also have their own long line adapters designed to provide this special feature. 

9»^ FX (Foreign Exchange) lines should not be placed in the CMO group. 

9.5 One of the advantages of putting the long line adapter within the switching system is that 
remote testing devices which use the test distributor and test connectors to reach the line 

can test lines which need long line adapters. In conventional systems, the testing device cannot 
make remote tests on such lines because the long line adapter appears between the test connector 
and the outside plant. 

9.6 There is also the possibility when leas than 20 lines fall In any CMO category that these 
lines be treated in the conventional manner with long line adapters, or long line adapters 

and voice frequency repeaters, per line. 

10. SPECIFYING CMO (APPLICATION GUIDE FOR EXHIBIT NO. l) 

10.1 To specify CMO on a new switchboard it Is advisable to follow the suggested wording in 
Exhibit No. 1. 

10.2 Item 1.3 

10.21 Strike out either Bidder or Owner depending on who is to furnish the E-6 type repeaters 
in conjunction with the dedicated linefinders and connectors. If the Owner is to supply 
the repeaters, he must complete a "Supplement A" to the Central Office Equipment Contract and 
Insert It immediately following Page 2 of the contractor’s proposal, 

10.3 Item 2.1 - Category of Lines Kb. 1 

10.31 The maximum signaling range of these lines should agree with the guaranteed loop resistance 
in Part I of the "General Specifications," REA Ftorm 558a. Mark Yes or No to show whether 
the Owner is to supply a standby engine generator. This will enable the central office equipment 
supplier, who requires float voltage to guarantee his equipment at 1900 ohms, to determine whether 
he will have to bid voltage stabilization equipment or not. The number of lines and terminals 
equipped and wired are the number which will not be in the CMO groups. The number of lines which 
exceed the guaranteed loop limit of the central office equipment, but are not In CMC groups is used 
to determine the number of long lines requiring individual long line adapters and voice frequency 
repeaters, If required. 

10.4 Item 2.2 - Category of Lines No. 2 
Item 2.3 - Categfory of Lines No. 3 

10.41 These categories are the ones which will incorporate the CMO principle. They will cover 
outside plant resistance ranges in accordance with transmission requirements. The 
signaling range for each CMO category will extend to 4500 ohms. The transmission range will 
be different for each CMO category and will be determined by the parameters as given in REA 
TE & CM-429, "Design of Two-Wire Subscriber Loop Plant - Cbmitcn Mode Operation." Design effort 
should be made that long lines will have characteristics so similar that only one category of 
CMO will be required. This, of course, is most desirable for administrative purposes. The 
repeater gain setting is determined by the physical make up of the outside plant which is being 
served by the category. If no repeaters are required, insert the word "none" in the blank for 
repeater gain setting. The traffic should be calculated in the regular . manner if it is not 
measured. The preferable method Is to determine the traffic by actual measurement, but if 
this cannot be done, use the guidelines set forth in REA TE & CM-325, "Application Guide for 
the Preparation of Detailed Dial Central Office Equipment Requirements," and increase by 
25 percent. 
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ffXKIBIT ;i 

SUaOESTED WOBDm FOR IKSSttlO^O^R MOOT OPERmOS M "EXPI^RY NOTES" 

OP THE CEHTRMj office EQUIMJn? 8PECIPICATI0S, REA FORM 55o» PART lii 

^ ^ v. 4 a orti>irm«nt for Oonaon Mode Operetlon. One or more llnefinder 

-SuT. .rr».aa Ter operation beyond the r.^l« loop range 

Of the central office. 

l.l Tb. Bidder shall ^irnleb the n.=«^^.^^lP»nt^an^ T^^ryT<^T 

ring Blle^ Jln^%eriod. Thle voltage should be applied In series vlth the 

ground side of the battery feed colls. 

t. n fltite d.c. to d.c. converters operating from U8-volt 

i? TIt^ uSl’I^eSby unit *111 autoaatloally .BBum. the lead, 

1.3 The (Bidder, (««"«) "riLSlnil".nd‘J^n:^trrr?^,S 

- ?:rLriirerrriLTXe s 

SiXi-tTr^raS "X-nted repeater, regnlred. 

1.4 FOr the purpoeee oT ‘f.rplirf 

the per originating 2d terminating traffic of dedicated llnee 

r. X“XXr‘^uP VlSX 0 ? the snitching diagram. 

®%'^fSf;«'feirrir*5uT.Xubi^T?hrLScatSiorguf.sXXS 
ercepXSSitXU un:: «st be served by the dedicated groups. 

1.6 Nothing in this specification c^ be construed to valve the self-protecting features In 
Part I of REA Form 558i‘ Item 1 . 133 . 

”■ =?r.5’X-=;a.:;; =f-:r.:5S;4":r™"r ” •”• - 


2,1 Category of Lines No. 1 

2.11 Regular Central Office Lines; 

The maximum loop capability of the regular central office line. 

Standby engine generator unit *111 be provided by Ovner Yee 


ohms 


No 


Wired 

Wired 


Number of Lines? Equipped __ 

Number of Terminals; Bjuiroed — 

2.2 Category of Lines No. 2 (Note l) 

2,21 Common Mode Operation; 

Number of Lines: Equipped _ 

Number of Terminals; B^uipped __ 

Maximum signaling range 4500 ohms 
Resistance range intended for this category 
Terminal voice frequency repeater gain setting 

Originating Traffic UC/L 

Terminating Traffic _____ UC/T 


Wired 

Wired 


to _ ohms 

GUO (Note 2) 



•sfs- "*>"'5 'Jyflra»-{o*s: 

^..j^er of Llfies: Baulpped 

3r.s£er cf Tenairialfl: Ejulpped 

>1ailra4i: tlgTisUng range 4500 ohms 


Wired 

Wired 


to 


ohms 


Pifiist&r.ze range Intended l^r this category ^ 

TersIrAl ’Mice frequency repeater gain setting GUG (Note 2) 

■■Originating Traffic tlC/l» 

reralnatlng Traffic UC/T 

Vhich are to be eerved by the central office equipment are divided in resistance 
as follovs} 


Ifumber of Lines 
Humber of Lines 
Humber of Lines 
Humber of Lines 
Humber of Lines 
Humber of Lines 
Humber of Lines 
Humber of Lines 
^hJmber of Lines 


0 “ 1200 ohms 
1201 - 1500 ohTns 
1501 - 1700 ohms 
1701 - 1900 ohms 
1901 - 2200 ohms 
2201 - 3200 ohms 
3201 - 3*f00 ohms 
3401 - 4200 ohms ‘ 
4201 - 4500 ohms ' 




r^sde Cotton. " wa tb & CM-429, Design of Two-Wtre Subsortbor Loop Plant - Cownr 
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